Effect of papaverine on the frequency-force relationship in guinea-pig left atria.
Contractile responses of guinea-pig atria to papaverine were analyzed under different stimulation frequencies. Atria, driven at 2 Hz, showed positive inotropic responses to papaverine which were maximal within 10-15 min. These responses were maintained for 60 min in the presence of low concentrations of papaverine (up to 10(-5) M), but reversed into marked negative inotropic effects under the influence of higher concentrations. The well-known frequency-force relationship was reversed by papaverine. At low stimulation rates papaverine elicited positive inotropic responses, which gradually decreased with increasing frequencies until strong cardiodepression occurred. A frequency-force curve obtained in the presence of both the Ca2+-antagonistic drug D 600 and the inhibitor of the phosphodiesterase theophylline was similar to that obtained under the influence of papaverine. Theophylline alone evoked positive inotropic effects at all frequencies studied and left the character of the ascending staircase unchanged. In contrast, D 600 was ineffective at low, but cardiodepressive at high stimulation frequencies. In the presence of D 600 or papaverine high external Ca2+ could not restore a normal frequency-force relationship. The reversal of the frequency-force relationship as produced by D 600 and papaverine could not be obtained by lowering of the external Ca2+. The present results show that papaverine is able to evoke marked positive inotropic effects at low stimulation frequencies by inhibition of phosphodiesterase. At high frequencies, however, these effects are masked by negative inotropic responses due to the inhibitory action of papaverine on Ca2+-exchange of the cardiac muscle cell.